METHOD OF FORMING A RELIABLE HIGH PERFORMANCE CAPACITOR 
USING AN ISOTROPIC ETCHING PROCESS 



This U.S. non-provisional patent application claims priority under 35 U.S.C. § 1 19 of 
5 Korean Patent Application No. 2003-000863 1 filed on February 1 1 , 2003, the contents of 
which are hereby incorporated in their entirety by reference. 

BACKGROUND OF INVENTION 

10 1. Field of the Invention 

This disclosure relates to a method of manufacturing a semiconductor device, and 
more particularly to a method of forming a reliable high performance capacitor using an 
isotropic etching process. 

15 2. Description of Related Art 

Memory devices such as DRAM devices require a high performance cell capacitor 
with sufficient capacitance in order to increase both its refi'esh period and its tolerance to 
alpha particles. However, to implement this high performance cell capacitor, it is necessary to 
either increase the area between an upper electrode (plate electrode) and a lower electrode 
20 (storage node electrode) that overlaps, or reduce the thickness of a dielectric film interposed 
between the upper and lower electrodes, lii addition, this second option requires that the 
dielectric film between the electrodes be made of a material having a high dielectric constant. 

Recently, a method of increasing the height of the storage node electrode has been 
widely used in order to implement this desired high performance capacitor, hi this method, a 
25 surface area of the storage node electrode is increased, whereby the capacitance of the 
capacitor is increased. 

This method of forming the cell capacitor is taught in U.S. Pat. No. 6,459,1 12 to 
Tsuboi et al, entitled "Semiconductor device and process for fabricating the same." 

FIGS. 1 A through IC are cross-sectional views illustrating a method of forming a 
30 capacitor as disclosed in U.S. Pat. No. 6,459,1 12. 

Referring to FIG. 1 A, an insulating layer 20 is formed on a semiconductor substrate 
10. The insulating layer 20 is pattemed, using a photolithography technique and an etching 
technique, to form node contact holes which expose predetermined regions of the 
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semiconductor substrate 10. The node contact holes are filled with a conductive material to 
form contact plugs 25. 

Referring to FIG. IB, an etch stopping layer 30 and a sacrificial oxide layer 40 are 
sequentially formed over the surface of the semiconductor substrate having the contact plugs 
5 25. The sacrificial oxide layer 40 is pattemed to form capacitor holes exposing predetermined 
regions of the etch stopping layer 30. The exposed portion of the etch stopping layer 30 is 
then dry-etched to form final capacitor holes which expose the top surfaces of the contact 
plugs 25 and neighboring portions of the insulating layer 20 around the top surface of the 
contact plugs 25. Here, the etch stopping layer 30 is over-etched, so that the exposed portions 
10 of the contact plugs 25 and the neighboring portions of the insulating layer 20 are etched by a 
predetermined depth. 

An oxide layer cleaning process is performed using a hydrofluoric acid as a cleaning 
solution to isotropically etch a portion of the insulating layer 20 under the etch stopping layer 
30 and the sacrificial oxide layer 40, thereby forming cleaned capacitor holes 45. 

15 Referring to FIG. IC, a polysilicon layer is formed over the entire surface of the 

semiconductor substrate having the cleaned capacitor holes 45. A portion of the polysilicon 
layer above the sacrificial oxide layer 40 is selectively removed, and then the sacrificial oxide 
layer 40 is selectively removed, thereby forming lower electrodes 50 of the capacitor. 

According to U.S. Pat. No. 6,459, 112, polymers and native oxide films in the final 

20 capacitor holes are removed by a single step of cleaning process before forming the poly- 
silicon layer in the cleaned capacitor holes 45. Therefore, a lengthy cleaning process is 
required in order to maximize the diameters of the cleaned capacitor holes 45. Such a long 
cleaning process time may lead to the formation of through holes in the portion of the 
insulating layer 20 between the final capacitor holes. This, in turn, causes a problem where 

25 the lower electrodes are electrically connected to each other. 

However, if the cleaning process is performed in a shorter time interval to prevent the 
through hole from being formed, it is difficult to maximize the diameters of the final 
capacitor holes. Consequently, it is difficult to optimize the cleaning process. 

30 SUMMARY OF THE INVENTION 

It is a feature of this disclosure to provide a method of forming a capacitor that can 
optimize a surface area of lower electrodes thereof and can prevent an electrical bridge 
between the lower electrodes. 
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In accordance with embodiments of the invention, a method of fomiing a rehable high 
perforaiance capacitor is provided. The method includes forming an insulating layer over a 
semiconductor substrate, forming a contact plug to penetrate the insulating layer, and 
sequentially forming an etch stopping layer, a lower sacrificial oxide layer, and an upper 
sacrificial oxide layer over a surface of the semiconductor substrate and the contact plug. The 
method fiirther includes patterning the lower and upper sacrificial oxide layers to form a 
capacitor hole exposing a portion of the etch stopping layer over the contact plug, 
isotropically etching the lower sacrificial oxide layer to form an expanded capacitor hole, and 
then etching the exposed portion of the etch stopping layer to form a final capacitor hole 
exposing an upper portion of the contact plug and a neighboring portion of the insulating 
layer adjacent thereto. Finally, the semiconductor substrate having the final capacitor hole is 
cleaned to remove a native oxide film formed on the exposed upper portion of the contact 
plug, and a lower electrode, a dielectric layer, and an upper electrode are sequentially formed 
over the semiconductor substrate having the cleaned capacitor hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention will become more apparent 
by describing in detail a embodiments of the present invention with reference to the attached 
drawings, in which: 

FIGS. 1 A through IC are cross-sectional diagrams illustrating a process of forming a 
cylinder type capacitor as disclosed in U.S. Pat. No. 6,459,1 12; and 

FIGS. 2A through 2G are cross-sectional diagrams illustrating a process of forming a 
reliable high performance capacitor using an isotrophic etching technique according to an 
embodiment of the invention. 

DETAILED DESCRIPTION 

The present invention will now be described more fiiUy with reference to the 
accompanying drawings, in which embodiments of the invention are shown. This invention 
may, however, be embodied in many different forms and should not be construed £is being 
limited to the embodiments set forth herein. Rather, these embodiments are provided so that 
this disclosure will be thorough and complete and will fiiUy convey the concept of the 
invention to those skilled in the art. In the drawings, the shape of elements is exaggerated for 
clarity, and the same reference niunerals in different drawings represent the same element. 
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FIGS. 2 A through 2G are cross-sectional views illustrating a process of forming a 
reliable high performance capacitor using an isotrophic etching technique according to an 
embodiment of the invention. 

Referring to FIG. 2 A, an insulating layer 200 made of a material such as an oxide is 
5 formed on a semiconductor substrate 100. The insulating layer 200 is patterned using a 
photolithography technique and an etching technique to form node contact holes which 
expose predetermined regions of the semiconductor substrate 100. The node contact holes are 
filled with a conductive material to form contact plugs 250. 

Referring to FIG. 2B, an etch stopping layer 300, a lower sacrificial oxide layer 400, 
10 and an upper sacrificial oxide layer 500 are sequentially formed over a surface of the 

semiconductor substrate 100 and the contact plugs 250. Preferably, the etch stopping layer 
300 is made of nitride, and the lower sacrificial oxide layer 400 may be formed fi-om one of 
the group consisting of borophosphorsilicate glass (BPSG), phosphorsilicate glass (PSG), or 
undoped silicate glass (USG). The upper sacrificial oxide layer 500 may be formed of an 
15 oxide having an etching rate slower than that of the material of the lower sacrificial oxide 
layer 400, preferably a plasma enhanced tetra-ethyl-ortho-silicate (PE-TEOS). 

The lower and upper sacrificial oxide layers 400 and 500 are next patterned using a 
photolithography technique and an etching technique to form capacitor holes 510 that expose 
predetermined regions of the etch stopping layer 300. 
20 However, the present invention is not limited to these materials described right above. 

Rather, one skilled in the art will appreciate that other suitable insulating materials can be 
used as the etch stopping layer 300, the lower sacrificial oxide layer 400, and the upper 
sacrificial oxide layer. 

Referring to FIG. 2C, the lower and upper oxide layers 400 and 500 are further 
25 isotropically etched using a wet-etching process, which is preferably performed using 

hydrofluoric acid. As a result, the exposed portions of inside walls of the lower sacrificial 
oxide layer 400 are recessed to thereby form expanded capacitor holes 530. 

Referring to FIG. 2D, exposed portions of the etch stopping layer 300 are etched 
using the upper sacrificial oxide layer 500 as an etching mask to form final capacitor holes 
30 exposing the top surfaces of the contact plugs 250 and neighboring portions of the insulating 
layer 200 around the contact plugs 250. Here, the etching process continues past the etch 
stopping layer 300, i.e. over-etched, so that the contact plugs 250 and the neighboring 
portions of the insulating layer 200 are also etched by a predetermined depth. 
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The semiconductor substrate 100 having the final capacitor holes is cleaned using an 
oxide layer cleaning solution to remove native oxide films on the contact plugs 250. As a 
result, recessed portions of the inside walls of the lower sacrificial oxide layer 400 are 
recessed more, and exposed portions of the insulating layer 200 are isotropically etched, 
5 thereby forming cleaned capacitor holes 550. 

The cleaning process in this embodiment is performed only to remove the native 
oxide films formed on surfaces of the contact plugs 250, and hence its cleaning process time 
can be reduced, thereby preventing a through hole fi-om being formed in a portion of the 
insulating layer 200 between the cleaned neighboring capacitor holes 550. 

10 Consequently, according to an embodiment of the present invention, because the 

expanded capacitor holes 530 (FIG. 2C) can be formed before the plugs 250 are exposed, a 
lengthy cleaning process required in the prior art to maximize the diameters of cleaned 
capacitor holes can be avoided. Thus, the prior art problem where lower electrodes are 
electrically connected to each other can be prevented. 

15 Referring to FIG, 2E, a conformal conductive layer is formed over the surface of the 

semiconductor substrate 100 having the cleaned capacitor holes 550. The conductive layer is 
preferably made of polysilicon. A portion of the conductive layer over an upper surface of the 
upper sacrificial oxide layer 500 is selectively removed to form cylinder type lower 
electrodes 600 in the cleaned capacitor holes 550. Each of the lower electrodes 600 has a 

20 base portion 610 formed below the etch stopping layer 300, an intermediate pole 630 

covering a side wall of a hole penetrating the lower sacrificial oxide layer 400, and a top pole 
650 covering a side wall of a hole penetrating the upper sacrificial oxide layer 500. The upper 
portion of the intermediate pole 630 is greater in diameter than a lower portion of the top pole 
650. Hence, as shown in FIG. 2E, a step portion of the electrode exists between the 

25 intermediate pole 630 and the top pole 650. A dielectric layer 700, and an upper electrode 
800 are sequentially formed over the semiconductor substrate 100 having the lower 
electrodes 600. 

In another embodiment of the present invention, as shown in FIG. 2F, before the 
dielectric layer 700 is formed, the lower and upper sacrificial oxide layers 400 and 500 can be 
30 selectively removed to expose the outside walls of the cylinder type lower electrodes 600. 

In yet another embodiment, as shown in FIG. 2G, a conductive layer which 
completely fills the cleaned capacitor holes 500 can be formed over the semiconductor 
substrate 100 having the cleaned capacitor holes 550. This conductive layer is then 
planarized until an upper portion of the upper sacrificial oxide layer 500 is exposed, thereby 
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forming box type lower electrodes 600a. Each of the box type lower electrodes 600a includes 
a base portion 610a which fills a space below the etch stopping layer 300, an intermediate 
pole 630a filling a hole that penetrates the lower sacrificial oxide film 400, and a top pole 
650a filling a hole that penetrates the upper sacrificial oxide layer 500. In the case of 
formation of the box type lower electrodes 600a, it is preferable that the lower and upper 
sacrificial oxide layers 400 and 500 be selectively removed to expose the outside walls of the 
box type lower electrodes 600a. Thereafter, a dielectric layer 700 and an upper electrode 800 
are sequentially formed over the surface of the semiconductor substrate 100 having the box 
type lower electrodes 600a. 

Further, a hemispherical grain silicon layer (not shown) can be additionally formed on 
the surface of the lower electrodes 600 or 610a. 

As previously stated, the method of forming the capacitor according to the invention 
can prevent an electrical bridge between the adjacent lower electrodes while maximizing the 
surface area of the lower electrodes of the capacitor. 

While the invention has been particularly shown and described with reference to 
described embodiments thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be made therein without departing firom 
the spirit and scope of the invention. 
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